This review deals with transmission of
The mechanisms for Chagas infection transmission to humans can be divided into primary or main and secondary. Among the main mechanisms are vector, blood transfusion, oral, placental or congenital transmission and through the birth canal at the time of birth. Secondary mechanisms are considered to be less frequent, such as laboratory accidents, handling of infected animals, ingestion of uncooked meat from infected animals, organ transplants from donors infected with Trypanosoma cruzi, sexual transmission and, exceptionally, through induced or criminal infection (Coura 2007) . Another possibility is direct transmission from the reservoir of T. cruzi, especially involving marsupials, which eliminate T. cruzi through odoriferous glands and can directly transmit the parasite to other animals and to humans ).
Chagas disease was initially an enzooty maintained among wild animals and vectors, which was transmitted accidently to humans, when they invaded the wild ecotope or when wild animals and vectors invaded human homes and this still occurs from the southern United States of America (USA) to southern Argentina and Chile (42ºN 49ºS). Over time, with deforestation to make space for agriculture and livestock rearing, triatomines adapted to human peridomestic areas, forming endemic areas in South and Central America and in Mexico. In nature, there are more than 100 mammal species that are reservoirs for T. cruzi, such as marsupials, bats, rodents, carnivores, Xenarthra (armadillos), lagomorphs (rabbits and hares) and primates. On the other hand, more than 140 species of triatomines, belonging to 19 genera and five tribes, are recognised (Galvão et al. 2003) , among which the main vectors for T. cruzi are in the genera Panstrongylus, Rhodnius and Triatoma. Although triatomines have been known since the XVI century, they were only identified by De Geer in 1773 (Lent & Wigodzinsky 1979) . However, infection by T. cruzi in triatomines, domestic and wild animals and humans was only demonstrated by Carlos Chagas in 1909 during the discovery of the disease that bears his name (Chagas 1909 (Chagas , 1912 .
The natural history of the transmission of Chagas infection can be summarised as the following forms: (i) enzooty -infection or disease that is transmitted among wild animals; (ii) anthropozoonosis -infection or disease that is transmitted from animals to humans, either when they invade the wild ecotope or when vectors or wild animals invade human domestic areas; (iii) zoonosis or amphixenosis -infection or disease interchanged between animals and humans; (iv) zooanthroponosisinfection or disease that is transmitted from humans to animals, particularly by vectors present in homes to domestic animals (Coura 2013) .
Main mechanisms for Chagas infection transmission
Vector transmission -The main vector of Chagas infection is Triatoma infestans (Klug 1834) in a large portion of South America, which until recently was distributed from southern Argentina to northeastern Brazil. ). Transmission of T. cruzi by T. infestans was also interrupted in five provinces in Argentina and in eastern Paraguay ). In Brazil, there are still residual foci in the states of Rio Grande do Sul (RS) and Bahia (BA). In Bolivia, where the species is still widely disseminated, there have been reports of occurrences at altitudes of 3,600 m and it continues to transmit T. cruzi in the Andean valleys of Bolivia and in the Gran Chaco. The high genetic variability of T. infestans found on a microgeographical scale among wild vectors in the Andean valleys of Bolivia favours the hypothesis that the Andes were the original centre for dispersion of T. infestans, which makes this vector a threat that needs to be monitored (Noireau 2009 ). The failure to eliminate T. infestans from the Gran Chaco, even in areas that underwent intense effort to control this vector, indicates the need for sustained and continued coordination between governments and agencies, with control programs that adopt new strategies (Gürtler 2009) .
Panstrongylus megistus (Burmeister, 1835) can be considered today to be the most important potential vector in Brazil, given its wide geographical distribution throughout the country, its susceptibility to T. cruzi and its versatility as a wild vector with easy domestic adaptation. This species is distributed from the Guianas to Argentina and towards Paraguay and Bolivia (Sherlock 2000) . In Brazil, P. megistus is distributed from the South to the Northeast, with greatest concentration in the states of Minas Gerais (MG) and BA, occupying wild, peridomestic and domestic ecotopes, while in the South Panstrongylus is essentially wild. At the time when T. infestans was present in domestic environments in 711 municipalities in Brazil, it was frequently observed, for example in MG, that once T. infestans had been eliminated from a home using insecticide spraying, the home became colonised shortly afterwards by P. megistus and vice versa. In the wild ecotopes of southeastern and southern Brazil, the natural habitat of P. megistus frequently comprises wild nests of marsupials, as demonstrated in the forest of Santa Teresa, state of Rio de Janeiro (RJ) (Coura 1966 , Coura et al. 1966a . Fig. 1 shows specimens of Didelphis marsupialis and P. megistus captured in Santa Teresa (Coura 1966) . P. megistus is perhaps the triatomine with greatest microgeographical diversity, given that it can occupy wild, peridomestic or domestic ecotopes of a given area. The species is currently most frequently found in the riparian zones of the southern, southeastern and northeastern regions of Brazil.
Rhodnius prolixus (Stål, 1859) is one of the most important vectors for T. cruzi due to its anthropophily, rapid development cycle, great density, intense passive dispersion and high susceptibility to infection and transmission of T. cruzi. It is the main vector in Colombia, Guyana, French Guyana, Suriname and Venezuela, from where it is believed to have disseminated to Central American countries, with the exception of Panama and Costa Rica. Thus, this vector reaches Andean, Amazon and Central American countries (Guhl 2007) . R. prolixus is considered to be a native of Colombia and Venezuela, where it is the main vector for T. cruzi, originally occurring in palm trees, with adaptation to human homes. The dispersion of this species from Venezuela to Central America, where it has been introduced, could have occurred by means of passive carrying of specimens by birds or mammals or in palm tree straws and fibres , Guhl 2007 . From the information available, El Salvador, Guatemala, Honduras and Nicaragua have eliminated R. prolixus with possible isolated foci remaining ).
Triatoma dimidiata (Latreille, 1811) is distributed from Ecuador to Mexico, from the Pacific coastline to the mountain areas, where the species frequents homes, while on the Atlantic side it tends to be wild. In South America, this species can be found in Colombia, Ecuador, Peru and Venezuela and in Central America, in Belize, Costa Rica, El Salvador, Guatemala, Honduras and Nicaragua. It can even be found in Mexico, in North America. In Colombia, this species is found in the central-western region of the country and on the coast of Ecuador and in northern Peru. The wide presence and distribution of T. dimidiata, in addition to its ability to colonise human homes, is one of the reasons why control measures are needed (Ramirez et al. 2005 , Guhl 2007 , Ponce 2007 . T. dimidiata is one of the main vectors in Costa Rica. In other Central American countries where R. prolixus has been eliminated, T. dimidiata has become the main target. One peculiarity of this species is that its nymphs camouflage themselves by covering themselves with sand on the ground of homes with dirt floors. Around 50% of the specimens of T. dimidiata that are caught inside homes or in peridomestic areas in Central America present human blood and 25% have dog blood, thus demonstrating their potential for domestic adaptation. Triatoma brasiliensis (Neiva, 1911 ) is the main species in the semi-arid region of northeastern Brazil. Specimens are found in domestic, peridomestic and wild areas, particularly in cracks of rocks in the Caatinga. This species is commonly found in the states of Piauí (PI), Ceará, Rio Grande do Norte, Paraíba (PB), Pernambuco (PE) and northern BA, colonising homes and frequently associated with Triatoma pseudomaculata (Correa & Spinola, 1964) . While T. brasiliensis hosts high levels of infecting T. cruzi and home infestation, T. pseudomaculata eliminates low percentages of infecting metacyclic forms of T. cruzi, thus characterising an inefficient vector.
Triatoma sordida (Stål, 1859) seems to have originated from the Brazilian central plateau, from where it disseminated southwards as far as Argentina. Its geographical distribution in Brazil extends from the RS to southwestern PE and southern PI, occupying areas where T. infestans has been eliminated through insecticides. T. sordida is a secondary vector for transmission of T. cruzi. Despite its spatial distribution, most are located in peridomestic areas, especially in chicken coops (Scherlock 2000) .
Triatoma maculata (Erickson, 1848) occupies areas in Brazil, the Guianas, Dutch Antilles, Suriname and Venezuela. In Venezuela, after R. prolixus, T. maculata is the most important domestic vector, followed by Panstrongylus geniculatus, which was described in Venezuela by Felliciangeli et al. (2004) in the state of Lara, incriminated by the seroprevalence of T. cruzi infection among the human population. In Brazil, T. maculata has been found in chicken coops in peridomestic areas and sporadically within homes in the state of Roraima, in the Brazilian Amazon Region. Thus, this species is a potential vector for T. cruzi (Luitgards-Moura et al. 2005) .
P. geniculatus (Latreille 1811) was found by Chagas (1912) in the burrows of the armadillo Dasipus novemcinctus, which were infected with T. cruzi, at the time of the discovery of the wild cycle of Chagas disease. More recently, this species has been found in several wild and peridomestic ecotopes with incursions into human homes, thus presenting potential domestic adaptation (Valente et al. 1998 , Valente 1999 .
Rhodnius ecuadoriensis (Lent & Leon, 1958 ) is considered to be an autochthonous vector in western Ecuador, with wild populations and a domestic population that extends from southern Ecuador towards northern Peru, where it has also become established (Guhl 2007) . Rhodnius pallescens (Barber, 1932) is the main vector of T. cruzi in Panama and a secondary vector in other countries of Central America and in Colombia (Zeledón et al. 2006 , Gómez-Palacio et al. 2008 . Rhodnius brethesi (Matta 1919 ) is distributed in the Brazilian Amazon, in Colombia and in Venezuela. In Brazil, it is an important wild vector for T. cruzi in the microregion of the Rio Negro, state of Amazonas, especially among piassava fibre gatherers and their families, who remain in the piassava plantations for at least six months a year. In this case, Chagas disease has become an occupational disease for these plant material harvesters (Coura et al. 1994a , b, 1999 , 2013 , Coura & Junqueira 2012 . Fig. 2 shows R. brethesi and piassava's gatherers.
In an excellent review on Chagas disease in Andean countries, Guhl (2007) illustrated the initiatives implemented for controlling Chagas disease in southern cone countries, in Andean countries, in Central America and Mexico and in the Amazon Region. On the other hand, Scherlock (2000) depicted the distribution of the main vectors of T. cruzi in the Americas (Fig. 3) .
Transmission by blood transfusion
Transmission of T. cruzi by means of blood transfusion is still probably the second most frequent transmission mechanism. Until recently, this issue was only evident in Latin America, but with the increase in emigration of Chagas disease patients to non-endemic countries, a new global sceneries for this transmission mechanism has emerged (Coura 1966 , Wendel & Dias 1992 , Schmunis 2007 , Coura & Viñas 2010 . Transmission of Chagas disease by blood transfusion was initially suggested by Dias (1945) . The first infected donors in Brazil were reported by Pellegrino (1949) and Pellegrino et al. (1951) and the first cases of people who acquired the infection were described by Freitas et al. (1952) . Nussenzweig et al. (1953) experimented with chemoprophylaxis by means of gentian violet in blood from donors. It has been estimated that in Brazil alone in the 1970s, there were 100,000 new cases of Chagas disease through blood transfusion every year (Dias & Schofield 1999) . Several serological surveys were carried out in Brazil and in the Americas from 1970 onwards (Wendel & Dias 1992 , Dias & Schofield 1999 . Before this, however, local surveys were carried out (Pellegrino 1949 , Pellegrino et al. 1951 , Freitas et al. 1952 . Coura (1966) conducted serological surveys in two blood banks in RJ, involving 4,595 donors, among whom 58 donors were positive (1.26%). From these, 24 blood recipients were located. Six, who were autochthonous to RJ, were infected (25%) and one of these individuals developed an acute form of Chagas disease, with an overall increase in the heart area and signs of acute myocarditis seen on electrocardiogram (Fig.4A, B) .
Chagas disease infection due to blood transfusion has decreased, especially through controlling blood donors in the southern cone, particularly in Brazil, Uruguay, Chile and a few other South and Central American countries. However, despite this decrease, the issue remains a great challenge. Many endemic countries have not introduced controls in relation to their blood donors yet and, more worrying still, many non-endemic countries are receiving thousands of migrants from endemic areas who carry Chagas disease. Among these non-endemic countries are the USA, Spain and other countries in Europe, Asia and Oceania (Coura & Viñas 2010 , Coura et al. 2014 .
Oral transmission
Oral transmission of T. cruzi is probably the most frequent mechanism among animals in the wild cycle, considering that several species of wild mammals, such as small primates, frequently ingest insects, in this case the triatomines that transmit T. cruzi. This was probably first noted at the time of the discovery of Chagas disease (1909), as mentioned by Carlos Chagas: "Examining the content of the posterior intestines of 'Conorrinus' gathered in Minas Gerais, inside peoples' homes, we observed the presence of numerous flagellates with the characteristics of Crithidia. These haematophagous insects were sent to the Institute and, there, our director, Dr Oswaldo Cruz, tried to infect a Callithrix penicillata monkey, by allowing several specimens of Hemiptera to bite it. Twenty to thirty days later, known species of the genus Trypanosoma were found in the monkey's peripheral blood". Considering that the transmission of T. cruzi through being bitten by a triatomine is very rare, we believe that the monkey had eaten some insects and become infected orally. The first experimental demonstration of oral T. cruzi infection was made by Nattan-Larrier (1921) , using blood trypomastigotes that were inoculated orally and subsequently using triatomine faeces by Cardoso (1933) , Kofoid and Donat (1933) and Marsden (1967) . Transmission of Chagas disease through breast milk from mother to children was first described by Mazza et al. (1936) .
Chagas disease in the Brazilian Amazon Region has always been considered to be an enzooty transmitted between vectors and wild animals, since the time when Chagas (1924) confirmed T. cruzi as a parasite, isolated from a Saimiri scireus monkey in the state of Pará (PA). Thereafter, it was only 45 years later that Shaw et al. (1969) described the first four acute cases of Chagas disease in Belém, PA, which were probably transmitted orally. Since then, hundreds of acute cases of the disease due to oral transmission have been described in the Amazon Region, which has led to classification of the region as endemic (Valente et al. , 2009 ). Pinto et al. (2008) alone described 233 acute cases of the disease, most of which were caused by oral transmission in the states of Amapá (AP), Maranhão (MA) and PA. A high proportion of these cases presented the severe acute form of Chagas disease, probably due to a greater inoculation of T. cruzi in oral transmissions (Fig. 5) . In 1990, we raised the hypothesis that Chagas disease was endemic to the Brazilian Amazon Region (Coura 1990) and, later on, we carried out a short review of the 38 cases of the disease that had been described up until that time in the states of Acre, PA, AP, AM and MA (Coura et al. 1994b) . Oral transmission of Chagas infection within the natural history of the disease was reviewed by Coura (2006) . So far, in AM, there have been three descriptions of outbreaks of acute Chagas disease due to oral transmission, respectively in Tefé, in 2004 (Medeiros et al. 2008) , The first outbreak of probable oral transmission of Chagas infection to humans in Brazil was described in Teutônia (Estrela, RS) by Silva et al. (1968) and NeryGuimarães et al. (1968) , without determining the source and this involved 18 people with six deaths. In October 1986, another outbreak of oral transmission occurred in Catolé do Rocha, in PB (Shikanai-Yassuda et al. 1991) , involving 26 people with one fatal case, probably transmitted through consumption of sugar cane juice. This was similar to another 19 cases that occurred in Navegantes, state of Santa Catarina, in March 2005, with three deaths.
Several other isolated outbreaks of the disease have been observed in Brazil, with no major repercussion. The greatest outbreak of oral transmission of T. cruzi infection, which involved 103 acute cases of Chagas disease, occurred in Caracas, Venezuela, with great international repercussion (de Noya et al. 2010) .
Given that more than 100 species of mammals serve as reservoirs for T. cruzi and another 140 species of triatomines serve as potential vectors for the parasite in nature, infection through oral transmission is unavoidable and can be expected to occur throughout Latin America and southern USA. On the other hand, only the epidemic outbreaks of Chagas disease are more evident. Isolated cases are mostly unaccounted for, either because they do not worry the healthcare services or because they are mistaken for other diseases. In this regard, we recommend that integrated actions should be carried out to promote health information and education regarding this form of the disease, in association with training for healthcare professionals, laboratory technicians, doctors, nurses and nursing assistants, with the aim of early diagnosis and treatment of the disease in its initial phase.
